Introduction
============

Plaque accumulation and demineralization around orthodontic brackets has been the scope of many studies. Recently, dental caries and periodontal diseases are known to be one of the most common diseases around the world. The tooth demineralization process, which is the removal of hard minerals from the tooth surface, leading to dental caries, can be affected by many factors, primarily plaque.[@b1-ccide-11-037] The composition of the bacteria mainly constitutes of Streptococcus Mutans, involved in caries process initiation, and Lactobacilli, which flourish in the carious environment and aid in caries progression.[@b2-ccide-11-037] Other etiological factors displayed in a model of overlapping circles presented in the 1960s include a susceptible tooth surface, dietary intake, time, fluoride, salivary flow, and social and demographic factors.[@b2-ccide-11-037]

Many studies have shown that proliferation of facultative bacteria occurs around orthodontic brackets as the appliance alters the microbial environment around it. Plaque accumulation is increased around the brackets, which can lead to enamel demineralization.[@b3-ccide-11-037] Post-orthodontic appliance removal, clinically detectable areas of enamel white spots can be recognized on teeth surfaces. In most teeth, enamel demineralization can be initiated after 4 weeks of brackets bonding, ranging from slight loss of *translucency* to distinct white spots.[@b4-ccide-11-037] These changes are likely to be observed at the junction between the bonding resin and the enamel, gingival to the bracket base.[@b5-ccide-11-037]

The differences between metal and ceramic brackets have been studied in multiple aspects comparing different characteristics between the two types.[@b6-ccide-11-037] Regarding plaque accumulation, some studies have proved no significance between both brackets,[@b7-ccide-11-037] while Brusca et al[@b8-ccide-11-037] reported the metal brackets have less bacterial accumulation compared to ceramic brackets.

De-bonding is the procedure of removing the brackets, along with adhesive resin from the tooth surface.[@b9-ccide-11-037] De-bonding of orthodontic brackets can be done in several methods, and each method has its own effect on enamel resistance to demineralization after the de-bonding.[@b10-ccide-11-037] Enamel loss can occur during bracket removal, which depends on bracket material and the de-bonding method. Metal brackets have shown less risk in enamel fracture than ceramic brackets. In addition, the de-bonding method has a great effect on enamel as well. It has been reported that high-speed tungsten carbide bur and ultrasonic scaler have shown the most detrimental effect on the tooth surface.[@b11-ccide-11-037]

Demineralization detection and quantification should ideally be non-invasive, reproducible, accurate, and simple to use.[@b12-ccide-11-037] One of the trustful tools to detect enamel demineralization is the Scanning Electron Microscope (SEM), which is characterized by higher energy beam electrons that are scattered to display information reflecting subsurface changes in the composition of the material meant to be measured. To our knowledge, there is no study investigating the difference between metal and ceramic bracket materials in the aspect of enamel demineralization under SEM. Thus, the scope of this study is to investigate enamel demineralization for teeth bonded with ceramic and metal brackets using SEM. The null hypothesis is that there is no difference between teeth bonded with enamel and ceramic brackets with regard to enamel demineralization.[@b13-ccide-11-037]

Materials and methods
=====================

This in-vitro cross-sectional study was approved by the Ethics Committee at King Saud University, College of Dentistry Research Center, Riyadh, Saudi Arabia (Reg. No. IR 0220). It was carried out at King Khaled University Dental Hospital, and comprised of 60 human premolar teeth extracted for orthodontic purposes. The inclusion criteria included teeth with intact buccal surfaces and free from caries, restorations, cracks, and fluorosis. Teeth with white spot lesions, hypoplastic enamel, anatomical anomalies, and endodontically treated teeth were excluded. A written informed consent form was provided to all patients whose teeth were used in this research.

The 60 premolar teeth were divided into three groups, 20 in each group. In the first group (G1); 20 premolar teeth were bonded with APC Plus Adhesive Ceramic brackets (APC^™^ PLUS Adhesive Coated Appliance System, 3M Unitek, Monrovia, CA, USA), in the second group (G2); 20 premolar teeth were bonded with APC Plus Adhesive Metal brackets (APC^™^ PLUS Adhesive Coated Appliance System, 3M Unitek), while in the third group (G3); 20 premolars were not bonded with any brackets, comprising the "control group". Immediately after extraction, all teeth were stored in double deionized water solution supersaturated with 1% thymol and maintained at room temperature before bonding procedures.[@b14-ccide-11-037]

All included teeth were polished with a rubber cup for 20 seconds before the beginning of the experiment. The brackets positions on the buccal surfaces of teeth in G1 and G2 were etched with 35% phosphoric acid (Unitek Etching Gel, 3M Unitek) for 15 seconds, then rinsed with water for 10 seconds and dried. After that, each buccal surface of teeth in G1 and G2 was coated with a thin uniform layer of bonding agent (Transbond XT, 3M Unitek) with a disposable micro-brush, then, gently air dried and light cured according to manufacturer's instructions.[@b14-ccide-11-037] Brackets were then positioned properly centered mesio-distally and occluso-gingivally, parallel to the long axis of the tooth. The bracket was pressed lightly in place, and excess cement was removed with a plastic instrument (3M^™^ ESPE^™^ Composite Placement Instruments, 3M Unitek). Light cure (Elipar^™^ DeepCure-S LED Curing Light, 3M Unitek) was used after bracket placement for 20 seconds.[@b1-ccide-11-037] Then, all teeth in all three groups were immersed individually in 40 mL of standard 500 mL demineralization solution at pH 4.5 for 7 days at 37°C. The demineralization solution was prepared by weighting 0.166 g CaCl~2~.2H~2~O and adding it to 200 mL deionized H~2~O and dissolving in a 500 mL Erlenmeyer flask. Then, 0.154 g CH~3~COONH~4~, 0.204 g Na~2~HPO~4~ and 2H~2~O, 25 mL glacial acetic acid were added to the solution. The mixing procedure was performed under the chemical fume hood.[@b15-ccide-11-037]

After 7 days of placing all teeth in demineralization solution, they were removed and the brackets were de-bonded for teeth in G1 and G2 using ETM 346 plier (ETM Narrow/Wide Direct Bond Removing Orthodontic Plier, Ormco, Orange, CA, USA), and the excess resin cement was removed by low speed hand piece with round carbide latch-type bur. After that, all teeth were rinsed under running water and stored in distilled water until the time of sectioning. One and the same operator for standardization purposes performed bonding and de-bonding procedures.

At the physical laboratory, each tooth in all three groups was mounted in putty material using Genie VPS Impression Putty Rapid Set (Sultan Healthcare, York, PA, USA), and sectioned with a low speed double-sided diamond disk (0.6 mm) with continuous water irrigation (ISOMET 2000 Precisions Saw, Buehler, Lake Bluff, Il, USA), as shown in [Figure 1](#f1-ccide-11-037){ref-type="fig"}. Each tooth was cut bucco-lingually into three parts; proximal 1 (P1), middle (M), and proximal 2 (P2) ([Figure 2](#f2-ccide-11-037){ref-type="fig"}). Then, a total of 180 sections were mounted on stubs and prepared for gold plating. Gold coating is performed before the reading under SEM to enhance the conductive layer of metal on the sample, which inhibits charging, reduces thermal damage, and improves the secondary electron signal required for topographic examination in the SEM. After gold plating, each section was studied under the SEM (JEOL JSM-6360LV, Tokyo, Japan), which was operating at 15 KV, and a magnification of ×100 ([Figure 3](#f3-ccide-11-037){ref-type="fig"}) to measure the depth of demineralization from the buccal enamel surface to the deepest point in each section in microns using image analysis software (SMile View™, JEOL Ltd, Tokyo, Japan).

Statistical analyses
--------------------

Data were entered into MS Excel and analyzed using SPSS 21.0 version statistical software. Descriptive statistics (mean, SD, and range) were used to describe the enamel demineralization values. One-way analysis of variance was used to compare the mean values in relation to the three groups, followed by Tukey's test for multiple comparisons of mean values to compare the enamel demineralization among different segments. A *P*-value of ≤0.05 was used to indicate the statistical significance of results. Sample size was calculated: Alpha=0.05, assumed SD=40, power=0.9; thus, the sample size for each group should be at least 20.

Ethical statement
=================

The study protocol was approved by the Research and Ethics Committee at the College of Dentistry, King Saud University, Riyadh, Saudi Arabia (registration number IR 0220).

Results
=======

Tooth level comparison
----------------------

To compare between the control group (G3) and the experimental groups (G1 and G2) on tooth level, all sections were merged together for G3 vs G1+G2. The results reveal that the experimental groups have significantly higher enamel demineralization compared to the control group on tooth level (*P*≤0.001) ([Table 1](#t1-ccide-11-037){ref-type="table"}). Moreover, the metal group (G2) has significantly less enamel demineralization compared to the ceramic group (G1) on tooth level (*P*≤0.001) ([Table 2](#t2-ccide-11-037){ref-type="table"}).

Segment level comparison
------------------------

[Figure 4](#f4-ccide-11-037){ref-type="fig"} reveals the difference in enamel demineralization between the control group and the ceramic group on each section (P1, M, and P2). The control group has significantly less enamel demineralization compared to the ceramic group on all segments (*P*≤0.05) (P1, M, and P2). In addition, [Figure 5](#f5-ccide-11-037){ref-type="fig"} shows the difference in enamel demineralization between the control group and the metal group on each section (P1, M, and P2). There is a statistically significant difference between the two groups in one of the proximal sides only.

The results show that the ceramic group (G1) has significantly higher enamel demineralization (*P*≤0.001) in the middle (M) section compared to the metal group, while there is no statistical significant difference between the two experimental groups in proximal sections, as shown in [Figure 6](#f6-ccide-11-037){ref-type="fig"}.

Discussion
==========

Caries control and limiting tooth demineralization has been the main concern of most dentists around the world. Preventing the spread of disease is more effective than treatment in most cases. Enamel demineralization has a high prevalence among orthodontic patients with fixed orthodontic appliances,[@b16-ccide-11-037] and it has been proved that increased plaque accumulation occurs around orthodontic brackets, which in return can increase the susceptibility for caries.[@b3-ccide-11-037] The focus of most recent studies is how to decrease the negative effect of orthodontic treatment on the tooth surface. In order to prevent or decrease the enamel demineralization around fixed orthodontic brackets, several improvements and innovations have been developed over the past few years. Maintaining good oral hygiene, including proper brushing technique and fluoride containing dentifrices, is effective in reducing plaque accumulation around the brackets. Moreover, regular fluoride application can also help in limiting surface demineralization during orthodontic treatment.[@b6-ccide-11-037] Comparing different de-bonding techniques, bracket removal with slow speed tungsten, carbide bur, and de-bonding pliers have been proved to be the least effective on tooth enamel.[@b7-ccide-11-037]

Regarding the difference between metal and ceramic brackets, in the scope of this study, it has been proved that ceramic brackets have a more porous and less smooth structure, which exhibits higher adherence of microorganisms. This result is in agreement with the report of Ahn et al,[@b17-ccide-11-037] who stated that metal brackets have less plaque accumulation compared to ceramic ones.

In contrast, in another study conducted by Lindel et al,[@b18-ccide-11-037] teeth bonded with metal and ceramic brackets were compared in the mean of differences in long-term biofilm formation. Stainless steel brackets showed a significantly higher amount of biofilm around them compared to ceramic brackets in different teeth locations (incisor, canine, and second premolar). The biofilm concentration was highest in mesial and distal sides of the stainless steel brackets, while it was occlusal and gingival around ceramic brackets. This has been explained by the fact that bracket surface alters its characteristics over time due to wear from food and drink, oral hygiene, or corrosion. As a result, roughness can be increased by promoting the attachment of long-term biofilm.[@b18-ccide-11-037]

From a restorative point of view, microleakage can occur at the tooth--restoration interface due to the escape and leakage of fluids and bacteria at the junction, which in return increases the likelihood of recurrent caries and postoperative sensitivity. In orthodontics, microleakage will most probably cause the formation of white-spot lesions on the enamel at the adhesive--enamel interface. Arhun et al[@b19-ccide-11-037] found that microleakage is more likely to occur around the ceramic brackets compared to metal brackets. Lindel et al has supported the present study, as he found that the result in enamel demineralization occurring in the ceramic brackets is higher than that in the metal ones. The study indicates that metal brackets have lower potential for bacterial accumulation (Streptococcus mutans) compared to plastic and ceramic brackets.[@b18-ccide-11-037]

O'Reilly and Featherstone[@b2-ccide-11-037] state that enamel demineralization is likely to occur around orthodontic brackets after 1 month of bracket placement, even with the use of fluoride dentifrices. This finding supports the result that indicates that bonded teeth have a higher tendency for enamel demineralization in comparison with control non-bonded teeth.

In this study, the depth of enamel demineralization around ceramic brackets has shown the highest numbers compared to metal brackets and control teeth. On the other hand, control teeth have shown the least scores. These results explain how the presence or absence of orthodontic brackets can affect the enamel surface significantly. The absence of the brackets in the control group has reduced the adherence of the demineralization media, which in return decreased the detrimental effect on the tooth surface.

Teeth bonded with metal brackets have shown less demineralization compared to teeth bonded with ceramic brackets. The nature of the esthetic brackets shows a rougher surface compared to the metal smooth surface.[@b19-ccide-11-037] As a result, demineralization media concentration around the ceramic brackets will be increased, which will lead to a higher demineralization depth. It has been also discussed that ceramic porosity is higher, which could also be another reason when comparing it to metal.[@b18-ccide-11-037]

Conclusion
==========

Non-bonded teeth have the least enamel demineralization compared to bonded teeth. Teeth bonded with ceramic brackets have shown significantly higher enamel demineralization compared to teeth bonded with metal brackets.
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![Low speed, double-sided diamond disk (ISOMET 2000 Precisions SAW).](ccide-11-037Fig1){#f1-ccide-11-037}

![Sectioned tooth (proximal 1, middle, proximal 2).](ccide-11-037Fig2){#f2-ccide-11-037}

![Sample of a sectioned tooth bonded with (**A**) ceramic, (**B**) metal, and (**C**) control under SEM.\
**Abbreviation:** SEM, Scanning Electron Microscopy.](ccide-11-037Fig3){#f3-ccide-11-037}

![Comparing enamel demineralization between ceramic and control groups in three different sections.\
**Note:** ^\*\*^Statistically significant difference.](ccide-11-037Fig4){#f4-ccide-11-037}

![Comparing enamel demineralization between the control and metal groups in three different sections.\
**Note:** ^\*^Statistically significant difference.](ccide-11-037Fig5){#f5-ccide-11-037}

![Comparing enamel demineralization between the ceramic and metal groups in three different sections.\
**Note:** ^\*\*^Statistically significant difference.](ccide-11-037Fig6){#f6-ccide-11-037}

###### 

Comparing enamel demineralization between experimental groups and the control group on tooth level

  Groups                N    Mean (µm)   SD       *P*-value
  --------------------- ---- ----------- -------- -----------
  Experimental groups   40   192.73      51.739   0.000
  Control group         20   145.30      30.144   

###### 

Comparing enamel demineralization between metal and ceramic groups on tooth level

  Groups    N    Mean (µm)   *P*-value
  --------- ---- ----------- -----------
  Metal     20   55.93       0.000
  Ceramic   20   72.55       
